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EVALUATION OF THE LOW-PROFILE RIGID-MOUNTED CABLE ADAPTER
FOR THE MRL 450 SL-AF CARDIAC MONITOR

BACKGROUND

The Medical Research Laboratories (MRL) 450 SL-AF is a cardiac menitor used
by the U.S. Air Force in aeromedical evacuation. The Aeromedical Equipment
Evaluation Laboratory (AEEL) at the U.S. Air Force School of Aerospace Medicine
(USAFSAM/VNC), Brooks AFB, Texas, had initially evaluated the MRL in March 1985,
and found it acceptable for use in flight. The 375th Aeromedical Airlift Wing (AAW),
Scott AFB, IL, recently purchased twenty-three uniis. These units developed a
problem with the preamplifier cable adapter, where the ECG cable connects to the
unit. With use, the adapter would work loose from its mounting. The solution
proposad by the manufacturer was a Low-Profile Rigid-Mountea Cable Aaapter
(LPRMCA), and in July 1987, the 375th AAW requested an evaluation of this device.
The LPRMCA (Fig. 1) is 17.5 cm (7 in.) long, and can be installed on the MRL by
removing a panel screw, inserting the LPRMCA into the ECG cable connector
receptacle, and reinserting the panel screw through a recessed opening in the adapter
mount (Fig. 2).

Figure 1. The LPRMCA.
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Figure 2. The MRL 450 SL-AF with LPRMCA.

METHODS

The AEEL develops test procedures that cover safety and human factors issues
which apply to the equipment to be tested. Specifically, a "performance check" is
developed which is a procedure that verifies proper functioning of the equipment
under various conditions. An initial inspection is performed by the Lab's BEMT
(Biomedical Equipment Maintenance Technician). The BEMT checks battery charging
characteristics, leakage current measurements, ground resistance, and any other




measurements (i.e., temperature or pressure) necessary to verify tr.at the device
conforms to its specifications.

When the device has passed the initial inspection, it is subjected to various
"referee tesis™ that check its performance under various anticipated operational
conditions. The referee tests generally involve a repetition of the performance check
under the specified conditions. Each referee test also includes any special
measurements of procedures necessary due to the peculiarities of the testing
conditions.

For this test, the LPRMCA was installed on an MRL 450 SL-AF, serial number
2109. The following is a description of each testing phase.

Performance Check. The performance check simply involved operating the MRL. A
Medi Cal Instruments ECG simulator, Model 410, was connected to the MRL using the
standard patient ECG cable. A 240 bpm (beats per minute), 2 mV signal was applied
to the MRL. Ali controls on the MRL were set to maximum, except for the defibrillator
and synchronizer which remained off. The unit was tested on each powc:r supply: 115
VAC/60 Hz, 115 VAC/400 Hz, 28 VDC, and bat‘ery.

Initial Inspection. Only leakage current and ground resistance were measured. A
battery performance check was unnecessary. Heart rate accuracy, defibrillator energy
output and synchronization, and overall condition of the equipment were aiso
checked.

EMI (Electromagnetic Interference). A performance check was performed during all
phases of the Radiated Emissions and Conducted Susceptibility tests.

Vibration. Vibration tests were unnecessary.

Environmental. Temperature and humidity tests were unnecessary.
Altitude. Altitude testing was unnecessary.

Clinical Testing. Clinical testing was not necessary.

In-Flight Feasibility. In-flight feasibility studies were not necessary.

RESULTS

The initial inspection revealed that the LPRMCA extends out from the monitor in
such a way that both the LPRMCA and monitor can be damaged when closing the lid.
The AEEL therefore did not approve its use. However, the manufacturer has designed _
a new and much improved preamplifier connector which eliminates the need for the ______|

a

LPRMCA; the new connector will be incorporated into future devices.
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The Appendix contains copies of the original EMI charts for the tests run on the
three MRL units. Each chart shows the spectral frequency range tested for that unit.
The dashed lines on the charts indicate the acceptable limit for that frequency.

No performance degradation was noted during the EMI radiated susceptibility
test. However, radiated EM! exceeded acceptable limits (1). The emissions were not
from the LPRMCA, but were traced to the MRL 450 SL-AF itself. Two additional 450
SL-AF units, serial numbers 2130 and 2133, were tested. These units also had
excessive radiated emission levels (Fig. 3). The emissions were traced to two
sources.
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Figure 3. EMI test resuits.

The first source of excessive emissions was a switching transistor 2N4403,
located on the Random Access Memory (RAM) Deflection Board. A check with MRL
revealed that all units with serial numbers 2230 and below are affected. The 2N4403
transistor in these units must be replaced with a Ferranti 751 transistor to reduce the
EMIto acceptable limits.

The second source of excessive emissions was caused by an unshielded AC
power supply cord. The manufacturer states that ali units were originally provided with
a shielded power supply cord. However, the three field units tested did not have
shielded cords. It should be noted that each of the three monitors had cords of
different lengths, indicating that they may have been shortened or replaced since
purchase. (To verity whether an AC power supply cord is shielded, remove the
hospital grade plug and examine the ground pin connection for two wires. One is the
electrical safety ground wire and the other is the AC power cord shield connection to
ground.)




With the recommended modifications incorporated, the MRL 450 SL-AF
raaiated electromagnetic interference levels were within acceptable limits. Measured
leakage current remained within acceptable limits both before and after the above
modifications.

Finally, it was found that the amount of time the units could operate on battery
power was excessively short. It varied from 45 to 120 minutes, compared with the
manufacturer's specified time of 180 minutes operation with both the recorder and
monitor operating.

CONCLUSIONS

The manufacturer's replacement of the cable connector eliminates the need for
the LPRMCA. However, the transistor and power cord must be modified before the
device will be approved. Additionally, we recommend placing a warning notice on the
power cord warning that a shielded cord must be used on the monitor in the interest of
flight safety. The operation and service manuals should have similar warnings.

In this report, we have identified a problem that could potentially exist with all
aeromedical equipment. Once an item is tested for aeromedical use, it must not be
modified or altered in any way without prior approval from both the 375th AAW and
USAFSAM/VNC. This problem has been identified to the 375th AAW, and they plan to
include a statement to this effect in all future equipment procurement specification
packages.

REFERENCES

1. MIL-STD-461C, Electromagnetic emission and susceptibility requirements for the
contro! of eiectromagnetic interference, Category Ale, 4 August 1986.




APPENDIX

This Appendix contains copies of the original EMI charts for the tests run on the
three MRL units. Each chant shows the spectral frequency range tested for that unit.
The dashed lines on the charts indicate the acceptable limit for that frequency.




ey e sa ae e

LT N q_a,ﬂ 274 )_ﬁﬁu ..41._3,\.__._T
| : . ; o . o

n }1.\\4

" -
_..-‘
s

Ay }t

“_ L3 K - . - ‘vaem . " .t o L - » emle “ » L) . + * LTSS L1} . QV- .ﬂ ”-I ‘e
e i SR DU UUNIE DU S SO B .LC?F..J T Y POTOUCDIDN PPUIS PR IR -t i i < N
| I Wi, naed SRR Y /\..%..q_t J " -L J 1
R T T e T T e T
uy J u "
r v v N \ ,.\.L T T T~ —_— ] Y b
bl ‘. v b T _ T — r

i . »e ot ’ .
toadine e Lk e aee L faad 1 bl o - o

‘s
&
-
F
=
C:
=t
<~
4

ﬂ%ﬁ?s,%

L
4
u
1:-1,-/!!.Lyl JJJJJ -

oo . - o- -
reow <sm i _ b
feryon . o a - T 3
N X

e S faa i 1
T hse ews ieersomeminas

IR I A TR Ta Vaga WS _
B A A | e e

4

S )
-
——d .

TIGTE ST | I .
LR T ) Ty T _ § !
REITE VS R SR G’ 72
. S

- . _J
MO1SS vl O3 LYV &




By
- - - Ty
- —
—_ e
[P P
- e -
— T e -~
[ T T S
o T —1—
x» EX3 & Y 3Ime .
IR SO R
-2t

preqmeiis
nOs T3 B3 1viaY S

b

»

g .04 L - - AL N - - -~ ~ " L2 LV ” - - - - ee
— e U PO
Au- TY DS P - |;~»74|.. ﬂii} _ _qul‘iw Mw] Y v o ﬁ :‘4‘ }b- fl.‘»}.& i(llqlt'
v \_ | U
Lol S |
_ _ - 3 e i — o . .
¢ :.\. Pt J
N
| _
L e | L - S o
remgy - (] ” & - cat gy ” L o L L] L - we b dA 1 L
P S i L J Y 4.k Lasai s PV PV DTS OSSPV Y PPV hdad Y R |
\1.:...4.,.. T e ——— e ~—d ——— .JP P e T e = _
- oy f
- e = T ~—— —— Mo .
— _— T — ~ H ——— e
\ s i T ,w
- | ] ﬁf!: B ~
. oy ”n i " e » e ’, L] L1 - " LU " e - - -

réﬁé.sz.ir,c/ ' i 1

_

T W w w W ‘\(lfl
»»EE{FEEF»

b.e

[ USRS TR §

g§s§<e§ '

:Cr_ ~_

[ R D SR

5.:2\33\..). __3 \_. A g

-
RN

SNSRI SO S




s e e v m w e - e - e o W s o 4
ek 4 [ - — < - - - B +

|

e STESS NS * g |

_ ! : !

g T ——

b - ‘__ P i

- - T T T~ ,
| L T.tll : /IL _
\‘I/ _
- o

‘ T i

i

)

\

S 1 R B A o

‘e 1] i . n [ - iml iy L] [ . rmwLy A k 1 1 k3

(SR, ey .. - -

ﬁl.—?[ vs)vuli»lrrbfh rrLA [ Iy YPT UUPRIS BN

AR T S Smanan W AN AN e Anmmmins, »S\T.]\i}x‘pf..!fiw

At om [T Y] >

IO hrttrxtrrr{trrrr»rly ﬁx P !.I.[.I.v; m
P e AP N NS ISR, sy o 7o) e g » S

PIMRAAMAAA AN TANAA ik ><) _

10

S B b T - L | b e e
—_ - _— ——— e - lllll'lt‘..l..l.l.ll. T —_-—
|
2000 mpmiaes F
T 2 o L o - - " L] Lo 1% & oo “ - . L] " It It M M WM ON MW - - 51' 104, -~ ” [N .
T viom 140 eta ) i 1 n i L caeaady Lasadesdes ). J. il e e — — e e -
!
T T T v |
‘ﬁg N _ i
1.y i
tade - 30Midm it {‘/ .

|«
— S ey
1€’ P — h
s s terw b —— | P — e L —_— - v
N 2 A AP RS FYPrrY SR Ve
AW et o834 //J 1
pueypnary >
i vigy
MOSSit  GRLYIOVYE < . . - -

w T




e L3 LY 1Y "o 0w L o o . LLLE ] "o . LIl 64 poe . - L] [y L3 o8 Lv
-- S - - -~ in}ctiij \%&l‘ 1‘«1’]11.‘, ,ﬁﬂ.ﬂujﬁﬂlﬁi’jﬂa}- >~ —
e )
_ By, M B \* 4
R . - T ,—— e — e o~ — — —
T} y».n.v\... P Ledte M% t ~ -
. Y I 0 I Fi —— ]
eIy |.r..:. AL LT, Lo bodaoiondy 10 5
L O 4 lxll.l-j-((.)v)c!\{lq.}.i A‘.Iv J.l\...l.z_ n.l T T
Y [—— - . x\
w7 LT . vy T T e = - h \\Illl\ll/./. T~ —— - ___ _
- .1 o ..|Jl|w;l||ﬂ. v v T u;-_ " .-In .- .o _ I- n? R- oot LY 7] -2 e u. .l Ld ~ .
et R ST e, I,If»i»IPJ TN f..l»fv\_,L i Li " ) 1
. ST R WL LLARNB AP IR Wb AR il _::_:% i r:s&.%QQ%\.w q\_ S: ¥ J.Nc_\z“\.._?ﬁ .\R\\ ”
B i \
S| EEEE R RS NI Yy Tmairsrosr e T ;
‘f‘)f\i N\ } JN
S PV e o
= — —_ T —— e ]
[T DR TITTINT I_F 3{)}}?
(€78 75 _ /x
y-TEE L TIT ey |
o X T LY :\\\-l. \u\ wu\.w-,
preqas “— \_
HOISSINg 2—4_04-
v

11




